A novel fabrication technique is proposed for the preparation of unidirectionally oriented, porous scaffolds by selective polymer leaching from lamellar structures created by conventional injection molding. The proof of the concept is implemented using a 50/ 50 wt.% poly(L-lactic acid)/poly(ethylene oxide) (PLLA/PEO) blend. With this composition, the PLLA and PEO blend is biphasic, containing a homogeneous PLLA/PEO phase and a PEO-rich phase. The two phases were structured using injection moldinginto welldefined alternating layers of homogeneous PLLA/PEO phase and PEO-rich phase. Leaching of water-soluble PEO from the PEO-rich phase produces macropores, and leaching of phase-separated PEO from the initially homogeneous PLLA/PEO phase produces micropores in the lamellae. Thus, scaffolds with a macroporous lamellar architecture with microporous walls can be produced. The lamellae are continuous along the flow direction, and a continuous lamellar thickness of less than 1 lm could be achieved. Porosities of 57-74% and pore sizes of around 50-100 lm can be obtained using this process. The tensile elastic moduli of the porous constructs were between 580 and 800 MPa. We propose that this organic-solvent-free method of preparing lamellar scaffolds with good mechanical properties, and the reproducibility associated with the injection moldingtechnique, holds promise for a wide range of guided tissue engineering applications.
Introduction
Each tissue or organ has its own characteristic architectural organization, which is closely associated with its physiological functions. Some specific tissues, such as bone, tendon, ligaments, spinal cord, peripheral nerve, ureter and intestine, have tubular or lamellar architectures. The repair of such tissues remains an intractable problem due to their poor capacity for natural regeneration. Tissue engineering strategies have great potential in the biological and functional regeneration of such tissues. In general, the growth of nerve cells is highly random and does not extend through the lesion site to the host tissue. A better strategy is to physically guide the linear growth of axons across a site of injury. This allows retention of the original architecture of regenerating axons across the lesion site and increases the probability of achieving total functional recovery. The essential steps for engineering such strategies are the development of biomimetic and anisotropically oriented scaffolds consistent with the morphology of the natural skeleton of host tissues. In general, the materials of these temporary porous scaffolds are either of natural and synthetic biodegradable polymers [1] [2] [3] [4] [5] . Synthetic polymers have design flexibilities in terms of material composition, processability, control over macro-and microstructures, and mechanical properties [3] . Poly(a-hydroxy acids) including poly(lactic acid), poly(glycolic acid) and their co-polymers are the widely accepted biodegradable synthetic polymers for tissue engineering applications.
A number of processing techniques based on textile technologies, thermally induced phase separation, solvent casting/particulate leaching, fiber templating, melt extrusion and combinations of the above techniques have been used for the preparation of multi-tubular and simple tubular structures. Hollow conduit-like constructs can be fabricated by melt-based processing techniques such as extrusion of polymer/salt followed by leaching of salt [6] ; radial alignment of internal pores across a hollow tube by spinning a polymer suspension followed by freeze drying and sublimation [7] ; formation of tubular scaffolds by rolling freeze-dried films into the form of a tube [8] ; bonding of non-woven polymer meshes wrapped around a mandrel and spraying a polymer solution onto them [9] ; or formation of hollow fabric tubes by knitting of prefabricated yarns followed by dipping in solution, freezing and sublimation [10] . The multitubular porous scaffolds can also be prepared by phase-separation techniques, e.g. (i) freezing of polymer solution and sublimation of solvent [11, 12] ; (ii) freezing polymer/solvent with a uniaxial temperature gradient followed by sublimation of solvent [13] ; (iii) injecting polymer suspension into a prefabricated multiple channel mold followed by sublimation of solvent [14, 15] ; (iv) freeze-drying with a uniaxial thermal gradient [16] [17] [18] ; (v) fiber templating technique [19] [20] [21] ; and (vi) solution coating and gas foaming by porogen decomposition [22] . Scaffolds prepared by the freeze-drying process are limited to thin constructs and the dense outer wall of the scaffolds may not allow interaction between the cells in the lumen and the surrounding tissue. Moreover, the dense outer walls may prevent scar tissue from invading into the scaffolds and suppress tissue regeneration. The permeability of the tubular wall is an important requirement of such scaffolds as it facilitates the supply of oxygen and nutrients and the removal of metabolic waste substances. Moreover, the use of organic solvents in most of these fabrication processes and the potential toxicity of these solvents has already been reviewed [23] .
Three-dimensional porous scaffolds can also be produced from selective dissolution of a polymer from blends such as poly(L-lactic acid) (PLLA)/polystyrene, PLLA/ poly(e-caprolactone) and poly(e-caprolactone)/poly(ethylene oxide) (PEO) [24] [25] [26] . Lee and Kim have demonstrated that a layered structure could also be produced by injection moldinga low interfacial tension, partially miscible polymer blend [27] . Injection moldingis a versatile, efficient and highly reproducible process, capable of fast production of complex geometric shapes with tight dimensional tolerances. Injection moldinghas previously been used to prepare scaffolds by compounding polymer with a blowing agent [28] . In that case sphere-shaped pores were obtained. In this work, we intend to fabricate anisotropically oriented PLLA scaffolds by injection moldinga blend of PLLA and PEO. PEO is a thermoplastic and water-soluble polymer. Moreover, PEO is biocompatible and is currently used in biomedical applications [29] . PEO has been used in this study as a porogen to obtain porous structures.
Most polymer blends are immiscible because of unfavorable interactions and the small increase in entropy upon blending. In an immiscible blend, the constitutive polymers are immiscible throughout the composition range due to the high interfacial tension and poor adhesion between the phases. In a miscible blend, however, the constitutive polymers are miscible over a wide range of compositions due to specific molecular interactions. In a partially miscible blend, a small part of one blend component is dissolved in the other component. With increased fraction of the minor phase, the system becomes biphasic and both blended phases are homogeneous [30] .
A polymer pair tends to be miscible if the difference in solubility parameters is less than 0.5 (cal cm À3 ) 1/2 [31] . The solubility parameter is defined as (CED) 1/2 , where CED is the cohesive energy density. The solubility parameters of PLLA and PEO are 10.1 and 9.9 ± 1 (cal cm À3 ) 1/2 , respectively [31, 32] , and the closeness of these values indicates that the miscibility of PLLA and PEO is thermodynamically favorable. The glass transition temperatures (T g ) of pure PLLA and pure PEO are 61 and À54°C, respectively. The miscibility is supported by the detection of a single glass transition temperature in between the T g s of the pure polymers [33] .
In this paper, we describe an original approach to the fabrication of anisotropically oriented porous scaffolds using a conventional melt-based injection moldingtechnique. More specifically, different layered structures were obtained by varying the injection moldingprocessing conditions of a 50/50 wt.% PLLA/PEO blend. The porous constructs were produced by swelling the compact specimens in water followed by aqueous dissolution of water-soluble PEO. The steps describing the fabrication of the unidirectionally oriented porous scaffolds are summarized in Fig. 1 . The hypothesis is that this methodology could be a route to fabricate unidirectionally oriented porous scaffolds. We investigated the effect of melt processing temperature and injection flow rate on the morphology of the porous structures observed by scanning electron microcopy. The effects of processing conditions on swelling behavior, porosity and mechanical properties were also studied.
Materials and methods

Materials
A high stereoregular PLLA from Cargill Dow LLC, USA was used in this study. PLLA was estimated to have an L-lactide content of 99.6% based on its specific optical rotation in chloroform using an AA-1000 Polarimeter [34] . The PLLA had M n ¼ 69; 000 and polydispersity of 1.73 as determined by gel permeation chromatography (Shimadzu LC10A, Japan) in chloroform with the standard of polystyrene. The PEO was Polyox WSR N-10, M n ¼ 100; 000, from Dow Chemical Company, USA. A 50/50 wt.% blend of PLLA and PEO was used in this study.
Experimental
Injection molding
The injection molded specimens were dumbbell-shaped tensile bars of 60 mm length, with a constant rectangular cross-section of 4 Â 2 mm 2 and a reference length of 20 mm. They were molded in an ENGEL T 45 machine (ES-200/45 HL-V). PLLA granules and PEO powder were pre-dried at 50°C for 4 h in a vacuum oven. Prior to injection molding, PLLA and PEO were extensively mixed at room temperature in a rotating-drum tumbler mixer. The processing parameters that were kept constant are shown in Table 1 . The injection moldingprocessing parameters that were varied are shown in Table 2 .
Swelling of lamellar structures in water
Following their ejection from the mold, the injected specimens were immediately immersed in deionized water at 37°C. The compact specimens swelled in water at 37°C. The supernatant water was changed every 8 h. The swelling process was continued for 30 days and was monitored at 5, 10, 15, 20, 25 and 30 days. At each interval, a minimum of five specimens from each run were taken out of water. Both the wet and dry weights were measured. No mass loss was observed after 5 days. From day 10 onwards, the dried specimens from runs C1 and C2 reached a constant weight. On the other hand, specimens from runs C3 and C4 reached a constant dried weight from day 20 onwards. On day 30, the samples were taken out from water, patted dry on adsorbent paper for 2 h and then dried in a vacuum oven at 40°C for 48 h. The volumes of the compact and porous samples were calculated by measuring the dimensions of the dried samples. The degree of equilibrium swelling was determined volumetrically after 30 days in water using the following equation:
where V s and V are the volumes of swelled specimens and compact specimens, respectively.
Rheological analysis
Rheological characterization was performed in a parallel-plate rheometer (Paar Physica, MCR 300). The discs (0.8 mm thick Â 30 mm in diameter) of pure PLLA and pure PEO were prepared by compression molding at 180 and 70°C, respectively. The stress sweeps were performed at 165 and 190°C for PLLA and PEO to demarcate the region of linear viscoelasticity. The experiments were then carried out in dynamic mode at 165 and 190°C (corresponding to the melt processing temperatures used in the Fig. 1 . Scheme for preparing the porous lamellar scaffolds using a conventional injection molding process. The 50/50 wt.% PLLA and PEO was compounded in a tumbler mixer in solid form and put into the hopper (I). The lamellar structure was developed by injection molding the blend above the melting temperature of PLLA and PEO, and the morphology was maintained by quenching at 5°C (II). The molded specimens were immediately immersed in water at 37°C and the blend swelled in water (III). The porous lamellar scaffolds (IV) were obtained by aqueous leaching of water-soluble porogen. The optical micrograph (A) shows the lamellar structure of the compact injection molded specimen and the SEM micrograph shows the porous lamellar architecture (B). injection moldingprocess) from 0.1 to 100 Hz in a nitrogen atmosphere.
Microstructural characterization
The morphology of the dried scaffolds was examined at room temperature using scanning electron microscopy (SEM) (Leica Cambridge S-360, UK) at 15 kV. The porous tensile bar specimens were cross-sectioned at the centre. The cross-sections were then coated with a thin gold layer using a sputter coater.
Estimation of density, porosity and water uptake
The density and porosity of the porous scaffolds were determined by measuring the dimensions and mass of the scaffolds. The apparent density (q) of the scaffolds was calculated as q = m/V, where m is the mass and V is the volume of the porous scaffolds.
The porosity of the porous scaffolds was calculated as
where q c is the density of amorphous PLLA, assumed to be 1248 kg m À3 [35] . To measure the water uptake, the wet scaffolds were taken out of water, placed on an adsorbent paper for 30 s and then weighed. The water uptake of the porous scaffolds was calculated as
where m wet is the weight of wet scaffold.
Mechanical characterization
The dumbbell-like porous specimens were tested in an Instron 4505 computerized universal mechanical testing machine, in tensile mode. The recommendations of ASTM Standard D638 were followed. The deformation of the specimens was measured using an extensometer. The tests were performed at a controlled room temperature of 23°C at a test velocity of 5 mm min À1 . From each condition, minimum five specimens were tested. The mechanical properties tested were the elastic modulus (E), the yield stress (r) and the yield strain (e).
Results and discussion
Rheological properties
The rheological behavior of neat PLLA and PEO was studied at 165 and 190°C, corresponding to the melt processing temperature used in injection molding. As expected, the viscosities of both the polymers decreased with increasing temperature (Fig. 2) .
The viscosity of PLLA was sensitive to temperature and decreased at elevated temperature. PLLA is not very sensitive to shear rate in the measured shear-rate range at both studied temperatures [36] .
Morphological development with the molten PLLA/PEO blend
In an experiment in quiescent melt, with the particular PLLA/PEO pair used in this work, it was observed that 10 wt.% PEO was miscible in PLLA, whereas a PEO-rich phase appears with 21 wt.% PEO [37] . These results are comparable with the results reported elsewhere [33] , where less than 20 wt.% PEO formed a homogeneous PLLA/PEO phase and the homogeneity was verified from the presence of a single glass transition temperature. Therefore, it can be assumed that with the 50/50 wt.% PLLA/PEO used in this work, the melt blend is biphasic, containing a homogeneous PLLA/PEO phase and a PEO-rich phase.
During injection molding, the biphasic blend formed the unidirectionally oriented layered structures. The schematic in Fig. 1 shows all the steps that led to the final porous constructs. All the scaffolds produced by injection molding of the blend followed by leaching of PEO exhibited unidirectionally oriented lamellae. The developed morphology was retained by fast cooling using the minimum possible mold temperature at 5°C, as the T g of the blend was near to 0°C [33] . After molding and upon rapid immersion in water, both the homogeneous PLLA/PEO phase and PEO-rich phase absorb water and swell. Highly oriented lamellar macropores originate from leaching of the PEO-rich phase. The micropores were produced on the pore walls through leaching of phase-separated PEO from the initially homogeneous PLLA/PEO phase. Fig. 3a-d show the lamellar architectures of four different macroporous scaffolds produced by four different injection moldingprocessing conditions ( Table 1) .
The processing parameters were varied in order to assess the effect of both melt-processing temperature (T m ) and injection flow rate (Q inj ) on the scaffold morphology. shows a lamellar architecture with a shallower gradient to the center. Fig. 3c (T m = 190°C, Q inj = 7 cm 3 s À1 ) shows a well-defined lamellar structure with a distinct segregation of individual layers; however, a radial concentricity was maintained. Fig. 3d (T m = 190°C, Q inj = 56 cm 3 s À1 ) shows a porous lamellar structure with minimum radial gradient. PLLA lamellae are thicker for specimens molded at low melt processing temperatures ( Fig. 3a and b) . The radial concentricity of the lamellar structures is higher for low injection flow rates (Fig. 3a and c) .
The interesting feature on all the structures observed in Fig. 3a-d is that the porous structures consist of only lamellae and the lamellae are integral, i.e. none of the lamellae is transformed to fibrils or droplets. The formation of a lamellar structure from partially miscible and biphasic polymer blend in a flow field is a consequence of laminar flow [38] . The 50/50 wt.% molten PLLA and PEO mixture forms a biphasic blend containing a homogeneous PLLA/PEO phase and a PEO-rich phase. Because of the presence of PEO in both phases, the interface between two phases is practically non-existent. In the absence of interface, the morphological development of such a partially miscible biphasic system is independent of rheological parameters [38] . A partially miscible molten polymer blend behaves like a mixture of two miscible viscous liquids [39] .
Under a flow field, the components of a polymer blend deform easily and produce alternating layers, characterized by lamellar thickness distribution along a cross-sectional plane [39] . The lamellar thickness of a polymer blend in laminar flow depends on total strain and viscosity of the phases [38] [39] [40] . The injection molding flow path is constant. Therefore, the morphology development of such a biphasic system is only dependent on the viscosity of the blend constituents.
The viscosity of PLLA at 165°C is less than the viscosity of PLLA at 190°C -see Fig. 2 . It is intuitive that the higher-viscosity PLLA at 165°C deformed less and formed thicker lamellae (Fig. 3a and b) , and the low-viscosity PLLA at 190°C deformed more and formed thinner lamellae ( Fig. 3c and d) . The formation of lamellar structures in miscible polymer blends go through repetitive thinning to fine lamellae until molecular diffusion takes over and homogenizes the system [39] .
The higher magnification SEM images in Fig. 4a -d show the representative microstructures of lamellar scaffolds originating from different processing conditions. The sizes of the micropores ranged from less than 1 lm down to the nanometer scale. The number of micropores observed on the lamellae (Fig. 4a and b ) from low melt processing temperatures are higher compared with the number of micropores from high melt processing temperature conditions ( Fig. 4c and d) . The micropores on the lamellae are spherical with low melt processing temperatures and more elongated with high melt processing temperatures. Typically, the injection molded specimens exhibit a skin-core structure with different microstructures in skin and core [41] . In contrast to the skin-core structures of injection molding, the low-magnification SEM micrograph in Fig. 5 shows an interesting porous PLLA architecture resulting from injection molding of 50/50 wt.% PLLA and PEO blend followed by swelling and leaching of PEO. The distribution of lamellae across the cross-section is uniform. This even distribution of lamellae clearly undermines the effect of the rheological parameters of injection molding on morphological development of 50/50 wt.% PLLA/PEO blend.
As the aim of this work was to produce porous scaffolds, it is important to understand the mechanism of pore formation in the layered structures.
Swelling behavior and leaching of porogen
Without increasing the porogen fraction, the porosity of a scaffold can be increased by swelling, giving an additional degree of freedom in the scaffold design. After ejection from the mold, the specimens were immediately put in water at 37°C. Fig. 6 shows the equilibrium swelling of injected specimens produced with different processing conditions. The average degree of swelling of the specimens produced with runs C1, C2, C3 and C4 were 58%, 25%, . This homogeneous lamellar structure is in contrast to heterogeneous skin-core structure of conventional injection molding.
128% and 84%, respectively, while pure PLLA specimens did not swell significantly, as expected.
The results indicate that the degree of swelling is directly related to the morphology that develops during processing. The specimens with low melt processing temperature (runs C1 and C2) demonstrate a lower degree of swelling, and the specimens with high melt processing temperature (runs C3 and C4) exhibit a higher degree of swelling. Moreover, under both temperature regimes, the increase of injection flow rate (from C1 to C2 and C3 to C4) decreased the degree of swelling. It seems that the degree of swelling increases with the increasing number of lamellae ( Fig. 3c  and d ) and decreases with increasing lamellar thickness ( Fig. 3a and b) .
The swelling and leaching of the PEO-rich layer produces the lamellar macropores (Fig. 3a-d) . The leaching of phase-separated PEO from the initially homogeneous PLLA/PEO phase produces micropores on the PLLA lamellae ( Fig. 4a-d) . The micropores created by this technique may play an important role in regulating cell behavior [42] . In general, micro-and nano-textures can be created on polymeric substrates by other nanofabrication techniques [43, 44] . In this study, the micropores created by dissolution of PEO may be useful for enhancing cellsubstrate interaction [45] . Fig. 7 shows the porosity and water uptake capabilities of the macroporous PLLA scaffolds prepared with different injection moldingprocessing conditions followed by swelling and leaching of porogen. The scaffolds prepared from high melt processing temperature conditions (C3 and C4) exhibit higher porosities compared to the scaffolds prepared from low melt temperature conditions (C1 and C2). The residual amount of PEO in the scaffolds prepared from C1, C2, C3 and C4 were 25, 22, 9 and 10 wt.%, respectively, while the added amount of PEO was 50 wt.%. The amount of PEO in the porous construct could not be calculated quantitatively by differential scanning calorimetry (DSC) as the PLLA glass transition temperature (61°C) and PEO melting temperature (58°C) are close [33] . The residual amount of PEO was calculated assuming that the mass loss was solely due to dissolution of PEO [46] . The extent of dissolution of PEO was directly related to the thicknesses of lamellae. A lower fraction of PEO was trapped in the scaffolds with thinner lamellae (C3 and C4), whereas a higher fraction of PEO was trapped in the thicker lamellae (C1 and C2). The average porosities of C1, C2, C3 and C4 were 57 ± 4, 54 ± 4, 74 ± 6 and 71 ± 2%, respectively. The observed porosities are quantitatively higher than the leached PEO fraction as additional void volume was created by swelling. However, the porosities were underestimated as the wet scaffolds shrank upon drying, and the average shrinkages of C1, C2, C3 and C4 were 10%, 8%, 30% and 23%, respectively.
Porosity and water uptake
The water uptake followed exactly the same trend as the porosity. The average water uptake of C1, C2, C3 and C4 were 118%, 90%, 232% and 186%, respectively (Fig. 7) . The scaffolds prepared with T m = 190°C (C3 and C4) had higher water uptake compared with those from T m = 165°C (C1 and C2). Moreover, water uptake of the ''C3 and C4 scaffolds" compared with the ''C1 and C2 scaffolds" is proportionally higher than the increment in porosity. The similar trend of proportionally higher water uptake compared with the increment of porosity was also observed in isotropic porous scaffolds [47] . The increase in the number of channels increases the surface area of such multitubular architectures [15] . This increased surface area could improve the cell-seeding efficiency and cell-attachment propertied of these oriented scaffolds [43] .
Mechanical properties
An important requirement for most tissue engineering constructs is to match the mechanical properties of the host tissue and implant, until the regenerated tissue takes over the load-bearing function. Fig. 8a shows the tensile moduli of the four different scaffolds prepared with four distinct processing conditions. The highest and lowest values of moduli are 799 and 528 MPa, respectively (a variation of 51% due to processing). As the modulus of a porous scaffold is related to the modulus of parent polymer and porosity, it is reasonable to compare the normalized modulus (ratio of porous scaffold modulus to compact polymer modulus) with the normalized density (ratio of porous scaffold density to compact density) [48] . Fig. 8b shows the normalized modulus as a function of normalized density. There are several models to describe the mechanical property-porosity relationship of different porous constructs with simplified assumptions. The Voigt model given by Eq. (4) can be used to relate the tensile modulus to the density of these unidirectionally oriented porous scaffolds [48] 
where E and q are the apparent elastic moduli and apparent densities of porous scaffolds, respectively, and f is the void fraction of the scaffold. The average elastic modulus (E c ) of PLLA is taken as 2.0 GPa [34] and the compact density (q c ) of PLLA as 1248 kg m À3 [35] . As per the Voigt model, the dotted line in Fig. 8b shows the theoretical relationship between normalized modulus and normalized density. The normalized moduli of C1, C3 and C4 fit nearly to the normalized density. However, the tensile modulus of C2 has a lower value than the theoretically predicted value. A possible reason for this discrepancy could be related to the uneven lamellae of C2 -see Fig. 3b . This unevenness in lamellar thickness could act as defects which may reduce the modulus of the cellular constructs [49] . For uneven lamellae, the stress concentration in the slender regions of lamellae could result in lower modulus values compared with the theoretically predicted values. It is worth mentioning that the lamellar morphology formed during injection molding was co-continuous in all the processing conditions and was maintained in the PLLA porous constructs. This fitting of normalized tensile moduli with normalized densities in most of the scaffolds can be regarded as a measure of continuity of the lamellae in the porous constructs. Fig. 8c shows the tensile strength behavior of anisotropic scaffolds originating from different processing conditions. The average tensile strength values for C1, C2, C3 and C4 were 19, 13, 17 and 18 MPa, respectively, whereas the corresponding porosities were 57%, 54%, 74% and 71%, respectively. Similar to modulus, the defects in the lamellae of C2 reduce the tensile strength. Excluding C2, the results indicate that the variation in porosity (C1, C3 and C4) had little influence on the tensile strength of the scaffolds. Fig. 8d shows the tensile yield strain of the oriented porous scaffolds obtained by different injection molding processing conditions. The results show that the yield strain values are directly related to porosity, as C1 and C2, with low porosities, show low yield strain, whereas C3 and C4, with higher porosities, exhibit higher yield strain. Low melt processing temperature conditions give rise to lower yield strain, and high melt processing temperature conditions produce higher yield strain. The results indicate that the yield strain increases with increasing numbers of lamellae in the scaffolds. Therefore, the injection moldingprocessing parameters could control the lamellar blend morphology of partially miscible and biphasic PLLA/PEO blend. Upon swelling and leaching of porogen, the mechanical property and porosity could be then tailored for desired medical or tissue engineering applications.
Conclusions
A novel technique for the fabrication of porous lamellar PLLA scaffolds was developed using conventional injection molding of a 50/50 wt.% blend of PLLA and PEO followed by swelling and selective porogen leaching. This technique produced porous lamellar scaffolds in which (i) a lamellar architecture with alternate layers of homogeneous PLLA/ PEO phase and PEO-rich phase was developed using injection molding; (ii) the lamellar thickness could be controlled by melt processing temperature; (iii) the macropore sizes and porosities could be controlled by injection moldingprocessing parameters and swelling; (iv) the micropores could be obtained on the pore walls through leaching of phaseseparated PEO from initially homogeneous PLLA/PEO phase.
The rheological parameters are not relevant in regulating the lamellar structure formation of this partially miscible PLLA and PEO blend. The lamellae are integral to all the porous structures irrespective of the injection moldingprocessing conditions used. The melt processing temperature was the most significant parameter affecting the porosity, water uptake and mechanical properties of the lamellar scaffolds. A melt processing temperature of 190°C resulted in uniform lamellar architecture with even lamellar thickness, the highest porosity, good mechanical properties, and a low level of residual porogen in the obtained scaffolds.
This processing technique of preparing porous lamellar scaffolds by injection molding, quenching, swelling and leaching of porogen is a simple and reproducible process. Long, anisotropically oriented lamellar scaffolds can be prepared by this methodology. This organic-solvent-free processing technique with superior process controls offers a versatile route for preparing PLLA-based porous scaffolds with lamellar morphology that can be tailored for different tissue engineering applications.
